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Abstract 

Inspired by the phenomenological constraints, LHC supersymmetry and Higgs searches, dark 
matter search as well as string model building, we propose the electroweak supersymmetry around 
the electroweak scale: the squarks and/or gluinos are around a few TeV while the sleptons, sneutri- 
nos, bino and winos are within one TeV. The Higgsinos can be either heavy or light. We consider 
bino as the dominant component of dark matter candidate, and the observed dark matter relic 
density is achieved via the neutralino-stau coannihilations. Considering the Generalized Minimal 
Supergravity (GmSUGRA), we show explicitly that the electroweak supersymmetry can be re- 
alized, and the gauge coupling unification can be preserved. With two Scenarios, we study the 
viable parameter spaces that satisfy all the current phenomenological constraints, and we present 
the concrete benchmark points. Furthermore, we comment on the fine-tuning problem and LHC 
searches. 

PACS numbers: ll.10.Kk, 11.25.Mj, ll.25.-w, 12.60.Jv 



I. INTRODUCTION 



Supersymmetry (SUSY) provides the most natural solution to the gauge hierarchy prob- 
lem in the Standard Model (SM). In supersymmetric SMs (SSMs) with R parity, the 
gauge couplings for SU(3)c, SU{2)l and U{1)y gauge symmetries are unified at about 
2 x 10 16 GeV pQ, the lightest supersymmetric particle (LSP) like neutralino can be cold 
dark matter candidate [2j [3], and the electroweak precision constraints can be evaded, etc. 
Especially, gauge coupling unification [1] strongly suggests Grand Unified Theories (GUTs), 
which can explain the quantum numbers of the SM fermions and charge quantization el- 
egantly. Thus, the SSMs are the most promising new physics beyond the SM. However, 
the recent LHC searches for supersymmetry [IH6] and Higgs boson [TJ IE] have considerably 
shrinken the viable parameter spaces. Thus, to explore the phenomenologically inspired 
SSMs, we briefly review the phenomenological constraints in the following: 

• The colored supersymmetric particles (sparticles) such as squarks and gluinos (at least 
the first two generation squarks) must have masses around the 1 TeV or larger from 
the ATLAS 01 \5\ and CMS [6J Collaborations at the LHC. 

• The ATLAS and CMS Collaborations have reported an excess of events for the SM- 
like Higgs boson with mass around 126 GeV and 124 GeV, respectively [3, [8]. The 
corresponding global significances are respectively 2.2<r and 1.5a, and the correspond- 
ing local significances without taking into account the look-elsewhere-effect (LEE) are 
3.5a and 3.1a, respectively. The viable light Higgs boson mass range at the 95% CL is 
from 115.5 GeV to 127 GeV [7J Moreover, the Higgs boson mass around 125 GeV 
gives very strong constraints on the viable supersymmetry parameter space, which 
have been studied extensively recently [9H26]. Especially, the squark and/or gluino 
masses will be about a few TeV in general in the Minimal Supersymmetric Standard 
Model (MSSM) and the Next to the MSSM (NMSSM) with simple supersymmetry 
mediation mechanisms. 

• The cold dark matter relic density is 0.112 ± 0.0056 from the seven-year WMAP 
measurements [27 \. 

• The spin-independent elastic dark matter-nucleon scattering cross-sections are smaller 
than about 7 x 10 -45 cm 2 for the dark matter mass around 50 GeV |28|. 
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• The experimental limit on the Flavor Changing Neutral Current (FCNC) process, 
b — > 57. The results from the Heavy Flavor Averaging Group (HFAG) [2"5] , in addition 
to the BABAR, Belle, and CLEO results, are: BR(b -> 57) = (355±24l? ±3) x 10~ 6 . 
There is also a theoretical estimate in the SM [30] of BR(b -> 57) = (3.15±0.23) x 10~ 4 . 
The limits, where the experimental and theoretical errors are added in quadrature, are 
2.86 x 1(T 4 < BR(6 -> 57) < 4.18 x 10" 4 . 

• The anomalous magnetic moment of the muon (g^ — 2)/2. The experimental value 
of the muon (g^ — 2)/2 deviates from the SM prediction by about 3.3<r, i.e., Aa M = 
a e xp _ fl SM = (26.1 ± 8.0) x 10~ 10 [31]. 

• The experimental limit on the process B s — > fi + fi~. The upper bound on BR(5 S — > 

is 1.1 x 10~ 8 from the CMS and LHCb collaborations [32]. 

• The experimental limit on the process B u — > tv t is 0.85 < BK(B U — > rz/ r )/SM < 
1.65 [33]. 

In addition, from the theoretical point of view, we usually have the family universal 
squark and slepton soft masses in the string model building, for example, the heterotic 
E 8 x E 8 string theory with Calabi-Yau compactifications [Ml 135] , the intersecting D-brane 
model building [3"6T[4~4"] . and the F-theory model building [4"5U5"2"] . etc. Therefore, based 
on the above phenomenological constraints and theoretical considerations, we propose the 
electroweak supersymmetry around the electroweak scale: the squarks and/or gluinos are 
around a few Te V while the sleptons, sneutrinos, bino and winos are within one Te V. The 
Higgsinos (or say the Higgs bilinear /1 term) can be either heavy or light. We emphasize 
that gluinos can be within one TeV because squarks are heavy. Therefore, the constraints 
from the current ATLAS and CMS supersymmetry and Higgs searches and the b — > S7, 
B s — > and B u — > tv t processes can be satisfied automatically due to the heavy 

squarks. Also, the dimension-five proton decays in supersymmetric GUTs can be relaxed 
as well. Moreover, the (g^ — 2)/2 experimental result can be explained due to the light 
sleptons. Also, we will assume that the dominant component of the LSP neutralino is bino. 
Interestingly, the observed dark matter relic density can be realized via the LSP neutralino 
and light stau coannihilations, and the XENON experiment [2H] will not give any constraint 
on such viable parameter spaces due to the heavy squarks. For simplicity, we will call the 
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electroweak supersymmetry around the electroweak scale as the electroweak super symmetry. 

In this paper, we consider the simple Generalized Minimal Supergravity (GmSUGRA) [531 
154"] (For previous studies on non-universal gaugino masses in the supersymmetric GUTs, see 
Refs. [55H66] .) . We show explicitly that the electroweak supersymmetry can be realized 
naturally, and gauge coupling unification can be preserved. To be concrete, we consider two 
Scenarios for the gaugino mass ratios: Scenario I has M\ : M 2 : M3 = 1 : (— 1) : 4 and 
Scenario II has Mi : M 2 : M 3 = | : 1 : |, where M 1; M 2 and M 3 are bino mass, wino mass, 
and gluino mass, respectively. We discuss two cases for the supersymmetry breaking scalar 
masses and trilinear soft A terms: (A) The universal scalar mass m , and universal/non- 
universal trilinear A terms. This case is similar to the mSUGRA/CMSSM; (B) The universal 
squark and slepton mass mo, universal/non-universal trilinear A terms, and especially non- 
universal Higgs scalar masses. This case is similar to the NUHM2. Choosing a moderate 
tan /3 = 13 where tan /3 is the ratio of the Higgs vacuum expectation values (VEVs) in the 
SSMs, we scan the viable parameter spaces which satisfy all the current phenomenological 
constraints. Also, we present the concrete benchmark points where the squarks, gluinos and 
Higgsinos are about a few TeV while the sleptons, bino and winos are several hundreds of 
GeV. For the universal trilinear soft A term, we can fit all the experimental constraints very 
well except the (g^ — 2)/2. And the deviations of (g^ — 2)/2 from the central value is about 
2.6cr. Interestingly, with non-universal trilinear soft A terms, we can fit all the experimental 
constraints very well, especially, the deviations of (g^ — 2)/2 from the central value is within 
1 or 2a. Moreover, we comment on the fine-tuningg problem as well as the LHC searches. 

II. ELECTROWEAK SUPERSYMMETRY FROM THE GMSUGRA 

First, we explain our conventions. In SSMs, we denote the left-handed quark doublets, 
right-handed up-type quarks, right-handed down-type quarks, left-handed lepton doublets, 
right-handed neutrinos and right-handed charged leptons as Qi, U?, Df, Li, N?, and Ef, 
respectively. Also, we denote one pair of Higgs doublets as H u and Ha, which give masses 
to the up- type quarks/neutrinos and the down- type quarks/charged leptons, respectively. 

We consider the simple GmSUGRA where the GUT group is SU(5) and the Higgs field 
is in the 577(5) adjoint representation [531 El]- The gauge coupling relation and gaugino 
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mass relation at the GUT scale are the following [53, 
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where k is the index of these relations and is equal to 5/3. Such gauge coupling relation 
and gaugino mass relation at the GUT scale can be realized in the F-theory SU(5) models 
where the gauge symmetry is broken down to the SM gauge symmetry by turning on the 
U(l)y flux, and the F-theory 5*0(10) models where the gauge symmetry is broken down 
to the SU(3)c x SU(2) L x SU(2) R x U{1)b-l gauge symmetry by turning on the U(1)b-l 
flux P]. 

At the GUT scale, we assume «i ~ a 2 — «3 for simplicity, and then the gaugino mass 
relation becomes 

M 2 - M 3 = (Mi - M 3 ) . (3) 

So there are two free parameters in gaugino masses. To realize the electroweak supersym- 
metry, we require that M3 be larger than Mi and In the next Section, we shall consider 
the following two simple Scenarios for gaugino masses at the GUT scale 

Scenario I : M x = M 1/2 , M 2 = - M 1/2 , M 3 = 4M 1/2 , (4) 

5 8 
Scenario II : M 1 = -My 2 , M 2 = M 1/2 , M 3 = -M 1/2 , (5) 

o o 

where Mi/ 2 is the normalized gaugino mass scale. Thus, the gluino mass will be much larger 
than the bino and wino masses at low energy. 
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In addition, the supersymmetry breaking scalar masses at the GUT scale are [53] 
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where i is generation index, /^ , /3g, and are coupling constants, and m,Q and rriQ are 
the scalar masses related to the universal and non-universal parts, respectively. Especially, 
the squark masses can be much larger than the slepton masses since the cancellations between 
the two terms in the slepton masses m~ 9 and m~ 9 can be realized by fine-tuning respectively 

i i 

(3' 10 and /?g a little bit. Also, the supersymmetry breaking soft masses m?~ and m~ can be 
free parameters as well. 

Interestingly, we can derive the scalar mass relations at the GUT scale 

3m~ c + 2ml = 4m~ + m% c = 6m~ — m% c = 2m% c + 3m~„ . (13) 

Df Li Qi Uf Qi E? Ef Uf v ' 

Choosing slepton masses as input parameters, we can parametrize the squark masses as 
follows 

m% = ^«) 2 -^m|, (15) 



m% = \{m U Q f -\ml ■ (10) 



In short, the squark masses can be parametrized by the slepton masses and the universal 
scalar mass. If the slepton masses are much smaller than the universal scalar mass, we 



obtain 2m~ ~ m~ ~ m~ . 

Qi Uf Df 
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Moreover, we can calculate the supersymmetry breaking trilinear soft A terms Au, Ap, 
and Ae respectively for the SM fermion Yukawa superpotential terms of the up- type quarks, 
down-type quarks, and charged leptons [M] 

A v = A u + (27* + i v )A$ , (17) 
Ad = A U Q + l - lD A» , (18) 
A E = AV + lD A%, (19) 

where ju, j'u and are coupling constants, and Aq and A$ are the corresponding trilinear 
soft A terms related to the universal and non-universal parts, respectively. Therefore, Au, 
Ad and Ae can be free parameters in general in the GmSUGRA. 

In short, we can parametrize the generic supersymmetry breaking soft mass terms in our 
simple GmSUGRA as following: two parameters in the gaugino masses, three parameters 
for the squark and slepton soft masses, three parameters in the trilinear soft A terms, and 
two parameters for the Higgs soft masses. 

We propose the electroweak supersymmetry: the squarks and/or glunios are heavy around 
a few TeV while the sleptons, bino and winos are light and within one TeV. The Higgsinos 
(or n term) can be either heavy or light. Thus, both the gaugino masses M\ and M 2 and 
the slepton/sneutrino soft masses are smaller than one TeV. Also, there are three cases for 
the gaugino mass M3 and squark soft masses: (1) M3 is about a few TeV while the squark 
soft masses are small; (2) M3 is small while the squark soft masses are about a few TeV; (3) 
Both M 3 and squark soft masses are heavy. In this paper, for simplicity, we only consider 
the first case. The comprehensive study will be presented elsewhere. 

Interestingly, we can show that the gauge coupling unification can be preserved in the 
electroweak supersymmetry even if the squarks and/or gluinos are about one or two orders 
heavier than the sleptons, bino and winos. The point is that the gauge coupling relation 
at the GUT scale is given by Eq. ([I]). The worst case is that the Higgsinos are light while 
the gluinos are heavy. So we discuss it as an example. For simplicity, we assume that the 
masses for the sleptons, bino, winos and Higgsinos are universersal, and the masses for the 
squarks and gluinos are universal. To prove the gauge coupling unification, we only need to 
calculate the one-loop beta functions for the renormalization scale from the slepton mass to 
the squark mass. The one-loop beta functions 61, b 2 , and 63 respectively for U(1)y, SU(2)l 
and SU(3)c are bi = 27/5, b 2 = —4/3, 63 = —7. Because b\ — b 2 = 101/15 is larger than 
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i>2 — b 3 = 17/3, the gauge coupling relation at the GUT scale in Eq. Q can be realized 
properly. Especially, the discrepancies among the SM gauge couplings at the GUT scale are 
less than a few percents [BT] . 

Let us briefly comment on the fine-tuning problem on electroweak gauge symmetry break- 
ing in the SSMs. The radiative electroweak gauge symmetry breaking gives the minimization 
condition at tree level 

1 9 9 m2 H,, — m H tan 2 /3 / 

where M% is the Z boson mass. For the moderate and large values of tan /3, this condition 
can be simplified to 

\m\ ~ - m\ u . (21) 

The electroweak-scale m 2 H depends on the GUT-scale supersymmetry breaking soft terms 
such as gaugino masses, scalar masses, and trilinear soft A terms, etc, via the renormalization 
group equation (RGE) running. Thus, if the squarks/gluinos are heavy and A terms are 
large, the low energy m 2 H will be large as well. And then we need to fine-tune the large \i 
term to realize the correct electroweak gauge symmetry breaking. Such fine-tuning problem 
does exist in electroweak supersymmetry, and one of the solution is to employ the idea of 
focus point /hyperbolic branch supersymmetry [68H7D] . which will be studied elsewhere. 



III. LOW ENERGY SUPERSYMMETRY PHENOMENOLOGY 

We study two Scenarios for gaugino masses, as given in Eqs. (]!]) and For simplicity, 
we will consider two cases for the scalar masses and trilinear soft A terms: (A) The unversal 
scalar mass mo and universal/non- universal trilinear soft A terms. This case is similar to the 
mSUGRA. (B) The universal squark and slepton soft mass mo and universal/non-universal 
trilinear soft A terms while the non-universal Higgs soft masses. This case is similar to 
the NUHM2. Therefore, we will study four kinds of Scenarios: Scenario IA, Scenario IB, 
Scenario IIA, and Scenario IIB. 

In our numerical study, we will use the SuSpect program [71] to calculate the su- 
persymmetric particle spectra, and use the MicrOMEGAs program [TSJ [73] to calculate 
the phenomenological constraints, the LSP neutralino relic density, and the direct de- 
tection cross-sections. We will focus on the lightest CP-even Higgs boson mass from 
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123 GeV to 127 GeV in the numerical results, and choose the benchmark points with 
Higgs boson mass only from 125.0 GeV to 126.0 GeV. The current top quark mass m t 
is 173.2 ± 0.9 GeV [74J. Because the lightest CP-even Higgs boson mass is sensitive to the 
top quark mass, we take the upper bound m t = 174.1 GeV in our numerical study. We 
emphasize that the viable parameter spaces with Higgs boson mass larger than 127 GeV 
in the following discussions are still fine since we can choose a smaller value for top quark 
mass within its uncertainty. We employ the following experimental constraints: (1) The 
cold dark matter relic density is 0.05 < Q x oh 2 < 0.135; (2) The b — » 57 branch ra- 
tio is 2.77 x 10~ 4 < Br(b -»■ 57) < 4.27 x 10~ 4 ; (3) The 3a (g^ - 2)/2 constraint is 
2.1 x 10~ 10 < Aa M < 40.1 x 10~ 10 ; (4) The upper bound on BR(B S is 1.1 x 10~ 8 ; 

(5) The experimental limit on the process B u — > tv t is 0.85 < BK(B U — > tv t )/SM < 1.65; 

(6) The LEP low bound on the lightest CP-even Higgs boson mass is 114.4 GeV [75], which 
is close to the current low bound 115.5 GeV from ATLAS Collaboration [7J. In our elec- 
troweak supersymmetry, the dominant component of the LSP neutralino will be bino, thus, 
the constaints from the XENON100 experiment [2H] can be evaded automatically due to the 
heavy squarks. 

First, let us discuss the Scenario I. To scan the viable parameter spaces in the My 2 ~ m o 
plane, we consider the universal trilinear soft A term Aq, and we choose tan/3 = 13 and 
A = —4000 GeV. We present the viable parameter space in Scenarios IA and IB respectively 
in Fig. [T] and Fig. [2j We emphasize again that the viable parameter spaces with Higgs boson 
mass larger than 127 GeV in all the figures are still fine because we can choose the smaller 
value for top quark mass within its uncertainty. It is easy to understand that Scenario IB 
has larger viable parameter spaces since the Higgs scalar masses are hidden variables in 
Fig. [2j Interestingly, in Scenario IA, we find the narrow viable range for mo, which is about 
from 410 GeV to 440 GeV. This narrow m range is obtained in the electroweak supersym- 
metry since the observed dark matter relic density is realized from the LSP neutralino-stau 
coannihilations. Moreover, we present the benchmark points in Tables p] and [H] for Scenarios 
IA and IB, respectively. In these benchmark points, the squarks, gluinos, and Higgsinos are 
heavy while the sleptons, bino and winos are light. Thus, the electroweak supersymmetry 
is realized. Similar results are held for all the following benchmark points in this paper. 
In particular, the LSP neutralino has 99.99% bino component due to the heavy Higgsinos. 
However, the deviations of (g^ — 2)/2 from the central value are about 2.88<r and 2.63cr for 
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the benchmark points respectively in Tables [I] and [TTJ 
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TABLE I: Supersymmetric particle and Higgs boson mass spectrum (in GeV) for a benchmark 
point in Scenario IA with tan/3 = 13, M 1/2 = 280 GeV, m = 411 GeV and A = -4000 GeV. In 
this benchmark point, we have ^ x o/i 2 = 0.0942, BR(6 -)■ S7) = 3.22 x 10~ 4 , Aa^ = 3.07 x 10~ 10 , 
BR(B° S -> = 3.15 x 10~ 9 , and BR(B U -> tu)/SM = 0.998. Moreover, the LSP neutralino 

is 99.99% bino. The LSP neutralino-proton spin independent and dependent cross sections are 
respectively 5.1 x 10 -12 pb and 3.9 x 10~ 12 pb, and the LSP neutralino-neutron spin independent 
and dependent cross sections are respectively 5.2 x 10~ 12 pb and 2.4 x 10~ 9 pb. 
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TABLE II: Supersymmetric particle and Higgs boson mass spectrum (in GeV) for a benchmark 
point in Scenario IB with tan/3 = 13, M 1/2 = 400 GeV, m = 380 GeV, A = -4000 GeV, 
rriH u = 1200 GeV, and niR- d = 0.0 GeV. In this benchmark point, we have & x oh 2 = 0.111, 
BR(b 57) = 3.26 x 10" 4 , Aa M = 5.06 x 10~ 10 , BR(B° S -> u + u~) = 3.13 x 10~ 9 , and BR{B U 
rP)/SM = 0.999. Moreover, the LSP neutralino is 99.99% bino. The LSP neutralino-proton spin 
independent and dependent cross sections are respectively 3.4 x 10~ 12 pb and 2.2 x 10 -10 pb, 
and the LSP neutralino-neutron spin independent and dependent cross sections are respectively 
3.5 x 10~ 12 pb and 1.5 x 10~ 9 pb. 
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TABLE III: Supersymmetric particle and Higgs boson mass spectrum (in GeV) for a benchmark 
point in Scenario IA with tan/3 = 13, M 1/2 = 390 GeV, m = 225 GeV, A Q = -4000 GeV and 
A E = -400 GeV. In this benchmark point, we have Q x oh 2 = 0.1105, BR(b 57) = 3.227 x 10" 4 , 
Aa^ = 19.3 x 10- 10 , BR(B° S = 3.13 x 10~ 9 , and BR{B U rP)/SM = 0.999. Moreover, 

the LSP neutralino is 99.98% bino. The LSP neutralino-proton spin independent and dependent 
cross sections are respectively 3.6 x 10~ 12 pb and 2.2 x 10~ 10 pb, and the LSP neutralino-neutron 
spin independent and dependent cross sections are respectively 3.7 x 10~ 12 pb and 1.6 x 10~ 9 pb. 
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TABLE IV: Supersymmetric particle and Higgs boson mass spectrum (in GeV) for a benchmark 
point in Scenario IB with tan/3 = 13, M 1/2 = 300 GeV, m = 210 GeV, A Q = -4000 GeV, 
Ae = —400 GeV, itih u = 600 GeV and m# d = 800 GeV. In this benchmark point, we have 
n x oh 2 = 0.114, BR(6 57) = 3.32 x 10~ 4 , Aa M = 26.4 x 10~ 10 , BR(B° S n + n~) = 3.14 x 
10~ 9 , and BR(B U tu)/SM = 0.998. Moreover, the LSP neutralino is 99.99% bino. The LSP 
neutralino-proton spin independent and dependent cross sections are respectively 5.2 x 10~ 12 pb 
and 6.28 x 10 -11 pb, and the LSP neutralino-neutron spin independent and dependent cross sections 
are respectively 5.3 x 10~ 12 pb and 2.46 x 10 -9 pb. 



In order to have the viable parameter spaces with better values for (g^ — 2)/2, we need to 
decrease the smuon masses. Thus, we consider the non-universal trilinear soft A terms. We 
assume that A v = A D = Aq is much larger than A E . To scan the viable parameter spaces 
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TABLE V: Supersymmetric particle and Higgs boson mass spectrum (in GeV) for a benchmark 
point in Scenario IIA with tan /3 = 13, M 1/2 = 424 GeV, m = 468 GeV and A = -4000 GeV. In 
this benchmark point, we have VL^h 2 = 0.1110, BR(6 57) = 3.16 x 10~ 4 , Aa^ = 5.67 x 10~ 10 , 
BR(B° S -> = 3.15 x 10" 9 , and BR(B U tu)/SM = 0.998. Moreover, the LSP neutralino 

is 99.97% bino. The LSP neutralino-proton spin independent and dependent cross sections are 
respectively 9.7 x 10 -12 pb and 7.9 x 10~ 12 pb, and the LSP neutralino-neutron spin independent 
and dependent cross sections are respectively 9.9 x 10~ 12 pb and 2.4 x 10~ 9 pb. 
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TABLE VI: Supersymmetric particle and Higgs boson mass spectrum (in GeV) for a benchmark 
point in Scenario IIB with tan/3 = 13, M 1/2 = 440 GeV, m = 460 GeV, A = -4000 GeV, 
rriH u = 600 GeV and mH d = 1800 GeV. In this benchmark point, we have ^ x o/i 2 = 0.12, BR(6 — > 
sj) = 3.16 x 10~ 4 , Aa M = 5.58 x 10" 10 , BR(B° -> = 3.14 x 10" 9 , and BR{B U tu)/SM = 

0.999. Moreover, the LSP neutralino is 99.99% bino. The LSP neutralino-proton spin independent 
and dependent cross sections are respectively 9.23 x 10~ 12 pb and 2.92 x 10~ n pb, and the LSP 
neutralino-neutron spin independent and dependent cross sections are respectively 9.40 x 10 -12 pb 
and 2.41 x 10" 9 pb. 



in the Mi/ 2 — m plane, we choose tan/3 = 13, Aq = —4000 GeV, and A E = —400 GeV. 
We present the viable parameter space in Scenarios IA and IB respectively in Fig. [3] and 
Fig. |4j Moreover, we present the benchmark points in Tables III and IV for Scenarios IA 
and IB, respectively. Similar to the above, the LSP neutralinos have 99.98% and 99.99% 



bino components respectively in Tables III and IV Especially, the deviations of (g M — 2)/2 
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X? 


318 


xt 


362 


en/fin 


396 
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ur/cr 


2275 


h° 


125.7 


xl 


362 


xt 


2312 




416 


h 


1849 


ul/cl 


2276 


A°/H° 


2281 


xl 


2311 




408 


fi 


327 


h 


1827 


<W Sr 


2272 




2284 


xl 


2312 


V T 


405 


T2 


463 


h 


2213 


d-L/sL 


2277 


a 


2597 



TABLE VII: Supersymmetric particle and Higgs boson mass spectrum (in GeV) for a benchmark 
point in Scenario IIA with tan (3 = 13, M 1/2 = 452 GeV, m = 280 GeV, A Q = -4000 GeV and 
A E = -400 GeV. In this benchmark point, we have Q x oh 2 = 0.1125, BR(6 57) = 3.18 x 10~ 4 , 
Aa M = 10.6 x 10" 10 , BR(B° fJ, + /i~) = 3.15 x 10" 9 , and BR(B U -> r^)/SM = 0.998. Moreover, 
the LSP neutralino is 99.97% bino. The LSP neutralino-proton spin independent and dependent 
cross sections are respectively 9.2 x 10~ 12 pb and 2.0 x 10~ n pb, and the LSP neutralino-neutron 
spin independent and dependent cross sections are respectively 9.39 x 10" 12 pb and 2.2 x 10" 9 pb. 



X? 


309.1 


xt 


351.8 


cr/vr 


449.7 


h 


1045.5 


ur/cr 


2214.8 


h° 


125.0 


xl 


351.8 


xt 


2144.9 




376.2 


h 


1765.9 


ul/cl 


2224.8 


A°/H° 


2498 


xl 


2143.3 




368.2 


n 


315.8 


h 


1742.6 


<Ir/sr 


2223.6 


H± 


2499 


xl 


2144.5 


V T 


352.2 


T2 


457.6 




2159.4 


<Il/sl 


2226.1 


a 


2533.7 



TABLE VIII: Supersymmetric particle and Higgs boson mass spectrum (in GeV) for a benchmark 
point in Scenario IIB with tan/3 = 13, M 1/2 = 440 GeV, m = 280 GeV, A Q = -4000 GeV, 
Ae = —400 GeV, mu u = 1000 GeV, and niH d = 1400 GeV. In this benchmark point, we have 
n x oh 2 = 0.09, BR(b sj) = 3.14 x 10~ 4 , Aa M = 10.3 x 10" 10 , BR( J B° -)■ M + A«~) = 3.15 x 
10~ 9 , and BR(B U tu)/SM = 0.999. Moreover, the LSP neutralino is 99.99% bino. The LSP 
neutralino-proton spin independent and dependent cross sections are respectively 1.11 x 10 -11 pb 
and 1.82 x 10 -10 pb, and the LSP neutralino-neutron spin independent and dependent cross sections 
are respectively 1.14 x 10~ n pb and 3.25 x 10 -9 pb. 



from the central value are within la in both benchmark points. 

Second, we discuss the Scenario II. To scan the viable parameter spaces in the M1/2 — m 
plane, we consider the universal trilinear soft A term Ao, and we choose tan f3 = 13 and Aq = 
—4000 GeV. We present the viable parameter spaces in Scenarios IIA and IIB respectively 
in Fig. [5] and Fig. 16} Moreover, we present the benchmark points in Tables [V] and VI 
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for Scenarios IIA and IIB, respectively. In particular, the LSP neutralinos have 99.97% 
and 99.99% bino components due to the heavy Higgsinos respectively in Tables [V] and 



VI However, the deviations of (g^ — 2)/2 from the central value are about 2.6a for both 



benchmark points. 

Moreover, we consider the non-universal trilinear soft A terms. To scan the viable pa- 
rameter spaces in the Mi/ 2 — m Q plane, we choose tan/3 = 13, Aq = —4000 GeV, and 
Ae = —400 GeV. We present the viable parameter spaces in Scenarios IIA and IIB re- 
spectively in Fig. [7] and Fig. [8] Moreover, we present the benchmark points in Tables VII 



and VIII for Scenarios IIA and IIB, respectively. Similar to the above, the LSP neutrali- 



nos respectively have 99.97% and 99.99% bino components respectively in Tables VII and 



VIII Especially, the deviations of (g^ — 2)/2 from the central value are within 2a in both 



benchmark points. 

The LHC searches for electroweak supersymmetry are to look for the trilepton plus miss- 
ing transverse energy signals, which arise from the first chargino xt an d second neutralino 
X2 P a h productions and decays [75] • In quite a few benchmark points of our electroweak 
supersymmetry, only the light stau is lighter than xt an d x!>- Thus, it is different from the 
previous work [76], and definitely deserved further detail study. 



IV. CONCLUSION 



We proposed the electroweak supersymmetry around the electroweak scale: the squarks 
and/or gluinos are around a few TeV while the sleptons, sneutrinos, bino and winos are 
within one TeV. The Higgsinos can be either heavy or light. Thus, the constraints from 
the ATLAS and CMS supersymmetry and Higgs searches and the b — > 57, B s — > n + fi~, 
and B u — > tv t processes can be satisfied automatically due to the heavy squarks. Also, the 
dimension-five proton decays in the supersymmetric GUTs can be relaxed as well. In ad- 
dition, the [g^ — 2)/2 experimental result can be explained due to the light sleptons. With 
bino as the dominant component of the LSP neutralino, we obtained the observed dark 
matter relic density via the neutralino-stau coannihilations, and the XENON experimental 
constraint can be evaded due to the heavy squarks as well. Considering the GmSUGRA, 
we showed explicitly that the electroweak supersymmetry can be realized, and the gauge 
coupling unification can be preserved. With two Scenarios, we presented the viable pa- 



ll 



rameter spaces that satisfy all the current phenomenological constraints. Furthermore, we 
commented on the fine-tuning problem and LHC searches. 
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Scenario IA, tan/3 = 13, A = -4000 GeV 
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Scenario IB, tan/3 = 13, A = -4000 GeV 
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Scenario IA, tan/3 = 13, A Q = WA E = -4000 GeV 
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Scenario IB, tan/3 = 13, A Q = 10A E = -4000 GeV 
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Scenario IIB, tan/3 = 13, A = -4000 GeV 
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Scenario IIB, tan/3 = 13, A Q = 10A E = -4000 GeV 
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